bicarbonate 0-300 g; L-cysteine pure 0.150 g; and ascorbic acid 0.150 g. This supplemented medium is referred to as " CA109 " medium.
The medium was prepared when required by the addition of 75 ml distilled water to the bottled mixture to produce a double-strength solution which was then filtered through a O.2-pm Sartorius membrane-filter (V. A. Howe & Co. Ltd, 88 Peterborough Road, London SW6). This solution was then diluted two-fold by addition of an equal volume of sterile glass-distilled water and dispensed aseptically in 5-ml volumes in sterile metal-capped tubes for use as a liquid medium (" CA109-L " medium).
Alternatively, the double-strength solution (see above) was mixed with equal volumes of 2.4% aqueous Ionagar no. 2 (Oxoid) held at 55°C in a water bath. Portions (10-ml) of the mixture were pipetted into sterile petri dishes and allowed to solidify. The plates of solid medium (" CAlO9-S " medium) were then dried in an oven at 60°C for 10 min.
The sterility of the liquid and solid media was checked by incubation of samples of uninoculated media. Tubes of liquid CA109 medium and plates of solid CA109 medium were held anaerobically at 37°C in BTL jars for 48 h before use, and this also served as a further sterility check (q.v.).
Anaerobic culture procedure. Anaerobic jars with room-temperature catalyst sachets (Baird and Tatlock Ltd, BTL) were used. Each jar was fitted with three catalyst sachets. The detailed procedure for the setting up of the anaerobic jars (hydrogen 90%, carbon dioxide 10%) was essentially that described by Collee et al. (1972) .
Gases. Cylinders of hydrogen (H2) 90% with carbon dioxide (C02) 10% were supplied by the British Oxygen Company's Special Gases Division, Deerpark Road, London SW19 3UF.
Immunojhorescence microscopy. The identity of the C. tetani strains was confirmed by direct staining of heat-fixed smears with fluorescein-conjugated anti-somatic C. tetani globulin (Wellcome Research Laboratories, Beckenham, Kent), as described by Batty and Walker (1964) . The preparations were examined under ultraviolet light with a Zeiss RA-38 microscope.
Toxigenicity testing. The toxigenicity of C. tetani strains was confirmed by injecting 0.1-ml amounts of the supernatant fluid of 7-day CMB cultures subcutaneously into unprotected mice and into mice protected 2 h previously with 0.5 ml(750 I.U.) of equine antitoxin administered intraperitoneally. The mice were observed for 7 days for signs of tetanus.
Purity testing. The purity of the test strains was checked periodically by examination of Gram-stained smears, by phase-contrast microscopy of wet films, and by anaerobic and aerobic culture.
RESULTS

Growth of C. tetani in a dejinedfluid medium
Preliminary studies showed that growth of test strains of C. tetani in 109 medium from inocula derived from CMB cultures was irregular unless the medium was supplemented with cysteine and ascorbic acid. The resultant medium (CAlO9-L medium-see Methods) gave reliable growth of all of the test strains. To exclude the possibility that growth was attributable to carry-over of nutrients from the CMB cultures, prolonged passage of the strains in CA109-L medium was performed: 0.1-ml inocula from 48-h CMB cultures of the test strains were used to seed tubes containing 5-ml amounts of CA109-L medium that had been stored anaerobically at 37°C for 48 h. The seeded tubes were incubated anaerobically at 37°C for 48 h, after which growth was assessed visually and by phase-contrast examination of unfixed smears. A 0-1-ml inoculum from each of these tubes was then used to seed a further series of tubes of CAlO9-L medium that were again incubated anaerobically for 48 h. The process was repeated until each culture had been passaged 12 times in the medium. Growth was assessed as described above after each subculture, and was further checked by examination of Gram-stained smears and by observation of colonial appearances on EBA medium. Aerobic purity checks were also performed. After the 12th passage, the identity of the strains was confirmed by fluorescence microscopy.
All six strains grew well in CA109-L medium and continued to show good growth for up to 12 passages. No bizarre morphological forms were seen on Gram-stained smears and culture appearances on EBA medium were normal.
Toxigenicity of the test strains of C. tetani in CA109-L medium
Preliminary studies had shown that test strains NCTC540, NCTC5405 and NCTC9569 were toxigenic when grown in CMB cultures. The other strains did not produce detectable toxin.
A 0-1-ml inoculum from each of the 12 serial cultures of the strains in CA109-L medium was used to seed anaerobically-stored CMB and CA109-L medium in parallel, and both media were then incubated anaerobically at 35°C for 7 days. Toxicity tests in mice were then done for each organism cultured in each of the two media.
Culture supernates of CMB cultures of the three toxigenic strains that had been serially passaged in 12 CA109-L cultures all produced tetanus when injected into test mice. When culture supernates of these passaged strains were taken directly from CA109-L cultures, two strains (NCTC9569 and NCTC540) produced demonstrable toxin, but one strain (NCTC5405) failed to produce tetanus in the test mice. None of the non-toxigenic strains produced tetanus in the test mice.
Growth of C. tetani on the defined solid medium
After each passage of the test strains in CA109-L medium, 0.1-ml inocula were used to seed plates of CA109-S medium that had been held anaerobically for 48 h at 37°C. In all cases, consistently good growth of the test strains was obtained on the anaerobically incubated solid medium, even after many passages in CA109-L medium. Small discrete rhizoid or filamentous colonies were formed by the motile C. tetani strains after incubation for 48 h.
Colonies of the non-motile type-VI strain were very small (less than 0.5-mm in diameter) at that stage.
Colonies of test strains on CA109-S medium could be readily subcultured onto a fresh series of plates of CA109-S medium. After incubation for 48 h, the process was repeated with plates of fresh CA109-S medium and a total of 11 sequential subcultures was made on that medium. Growth was assessed visually after each subculture, and checked by examination of Gram-stained smears. After the last subculture, the purity of the surface growth of the test strains was confinned by fluorescence microscopy and by observation of cultural appearances of subcultures on plates of EBA and egg-yolk agar. Aerobic checks were also performed.
With the exception of strain NCTC9569, all strains showed consistent growth for all subcultures, with visible colonies developing after incubation for 48 h. Strain NCTC9569 grew well for seven subcultures, but the colonies were very small, even after prolonged incubation.
Growth of test anaerobes on CA109-S medium
The ability of CA109-L and CA109-S medium to support the growth of a series of test anaerobes when subcultured from overnight CMB cultures was investigated.
A 0.l-ml volume of each CMB culture was diluted 1 in 50 in fresh CA109-L medium, and 0-1-ml inocula of the diluted suspension were used to seed freshly-poured plates of CA109-S medium. In these experiments, the CA109 media were not held anaerobically beforehand. The seeded plates were incubated anaerobically at 37°C and surface growth was assessed visually after incubation for 18 h and again at 66 h. The test organisms are listed in the Methods section and the results are summarised in tables I and 11.
It is clear that all of the test clostridia gave good growth in CA109-L medium. On CA109-S medium, the C. oedematiens strains and C. chauvoei and C. histolyticum all failed to grow. Of the non-sporing anaerobes (table II), two Bacteroides strains, two GNAB strains and the anaerobic cocci all grew in CAlO9-L medium; the GNAB 6 and B. melaninogenicus strains and a strain of B. necrophorus failed to grow on CAlO9-S medium. ? +, + +, + + + = increasing degrees of turbidity in liquid media or surface growth on plates, assessed visually. Growth in liquid media was confirmed by examination of Gram-stained smears. 
DISCUSSION
Although vegetative cells of C. tetani can be recovered on blood-agar media with conventional anaerobic procedures, the yield may still be sub-optimal in terms of the number of cells in the inoculum (Watt, 1972) . The development of such studies requires a defined solid medium that can be reliably prepared without the marked variation that is often encountered between batches of blood agar media. The growth of C. tetani in defined synthetic or semisynthetic liquid media has already been described by many workers (e.g., Feeney, Mueller and Miller, 1943; Kaufman and Humphries, 1958) and synthetic liquid media have been used in studies on spore germination of the organism (e.g., Shoesmith and Holland, 1972) , but the present authors could find no reference to the growth of this organism on defined solid media.
The present study has shown that the commercially available defined medium " 109 ", supplemented with cysteine and ascorbic acid and prepared in a liquid or solid form, can support the growth of C. tetani strains when repeated passages have excluded the possibility of carryover of nutrients from the original CMB inocula. Two of three toxigenic strains passaged in the liquid medium (CA109-L) retained their ability to produce toxin when supernates of cultures in this medium were injected into mice. It might be argued that these results are attributable to the production of toxin in vivo by organisms present in the inoculum, rather than to the production of toxin in the medium. This merits further study.
The defined solid medium (CAlO9-S medium) was shown not only to support the surface growth of strains of C. tetani but also to allow the subculture of these strains from plate to plate of the same medium. The medium also supported good surface growth of a number of other test anaerobes, notably the non-sporing anaerobes such as Bacteroides spp., but some strains did not grow.
The observation that the surface growth of clinically important anaerobes is not essentiaally dependent upon the availability of ultra-specialised anaerobic procedures (Watt, Collee and Brown, 1974) should encourage a search for possible factors that may enhance the growth of these organisms on solid media handled by conventional procedures. The present work offers an approach to such studies.
SUMMARY
The growth of six strains of Clostridium tetani was assessed in a chemically supplemented commercially available defined medium. All strains grew reliably even after 12 serial passages, and two strains produced demonstrable toxic activity after passage. Consistent growth of the test strains could also be obtained on a solid version of this medium (" CAlO9-S " medium), and the strains could be serially passaged on this medium. Preliminary evidence is presented that the medium supports the surface growth of some other test anaerobes. Such a defined solid medium might prove of value in further studies on the surface growth of C. tetani and of other anaerobes of clinical interest.
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